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This study was performed to compare pericardiocentesis 
guided by a pacing current applied through the pericardio- 
centesis needle with the traditional method of monitoring 
ST segment elevation from the needle tip electrogram. ST 
segment elevation was measured at 3 mm from the epicar- 
dium, after epicardial contact, after epicardial penetration 
and again at 3 mm from the epicardium after epicardial 
penetration. Two millivolts of ST segment elevation gave 
the highest combined positive (86%) and negative (79%) 
predictive value for epicardial contact by the pericardio- 
centesis needle between the two groups with the largest 
difference: 3 mm from the epicardium before contact and 
after epicardial penetration. Therefore, ST segment moni- 
toring cannot reliably determine the point of epicardial 
contact. 
To determine the optimal stimulus strength for pulse 
generator-guided pericardiocentesis, pacing studies were 
performed using 2, 4, 6, 8 and 10 mA unipolar stimulus 
strengths. The pacing studies were performed both with 
and without a hemodynamically significant pericardial ef- 
fusion to determine if increased pericardial pressure altered 
the pacing threshold. A 4 mA unipolar cathodal stimulus 
was chosen because it captured the ventricle only with 
direct contact of the epicardium. Ten dogs were instru- 
mented and cardiac tamponade produced so that a subxiph- 
oid approach to the epicardium with the pacing needle 
electrode could be attempted. During pericardiocentesis, 
needle tip electrograms were recorded, alternating with 
pacing attempts using a 4 mA unipolar stimulus. In all 10 
dogs, the effusion was entered and epicardium was con- 
tacted as indicated by capture. No myocardial perforation 
or coronary artery or venous injuries were produced. These 
findings support the use of a pulse generator to guide 
pericardiocentesis. 
(J Am Co11 Cardiol1989;14:1074-83) 
The diagnosis of cardiac tamponade is suggested by the 
findings of hypotension, increased central venous pressure, 
pulsus paradoxus, loss of the apical impulse, and distant 
heart sounds. Any of these signs, except hypotension, may 
be absent or altered by coexisting injuries, myocardial 
disease or thoracic disease. The ability to diagnose quickly 
and drain a pericardial tamponade or to rule out this cause of 
hypotension so that another may be sought would greatly 
benefit the management of this group of patients. Pericardio- 
centesis is performed most safely with the aid of cardiac 
ultrasound to confirm the diagnosis and avoid inadvertent 
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myocardial injury (1,2). Echocardiography is often not im- 
mediately available to assist in pericardiocentesis in a patient 
who may already be near death. Bishop et al. (3) initially 
described the use of the electrocardiogram (ECG) as a 
safeguard in pericardiocentesis. The pericardiocentesis nee- 
dle is connected to the precordial lead of the ECG, and ST 
segment elevation is monitored as an indicator of epicardial 
contact. However, ST segments can be altered by medica- 
tions, pericarditis, ventricular hypertrophy, ischemia and 
infarction, thus limiting the usefulness of ECG monitoring as 
a safeguard. Negative findings on pericardiocentesis do not 
indicate absence of an effusion (4-6). 
A simple technique to localize the tip of the pericardio- 
centesis needle to the epicardium, and therefore within the 
pericardial space, could improve the yield of pericardiocen- 
tesis. In addition, if the point of the epicardial contact could 
be determined precisely, myocardial injury could be 
avoided. Our objective in this study was to show that, by 
applying a pacing current through the pericardiocentesis 
needle, the moment of epicardial contact could be reliably 
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Figure 1. Pacing needle electrode and needle stabilizer. The pacing 
needle electrode for closed chest studies (A) consisted of an 18 or 20 
gauge spinal needle insulated along the length of the barrel with 
Teflon. The hub was soldered to a multistranded stainless steel- 
insulated wire. For open chest studies (B), the pacing needle 
electrode was modified by grinding off the bevel of the needle so that 
the tip was blunt. The needle stabilizer(C) consisted of a rectangular 
base I.5 x 2 cm with a 1 cm diameter hole, connected to two struts. 
2 cm tall, that supported a rubber diaphragm. The pacing needle 
electrode was introduced through the rubber diaphragm, which 
supported the pacing needle electrode and held it at any chosen 
distance from the heart. 
determined because it coincided with capture of the ventri- 
cle, and that this procedure could increase the safety and 
improve the yield of pericardiocentesis. 
Methods 
Pacing needle electrode and needle stabilizer. The pacing 
needle electrode for closed chest studies consisted of an 18 
or 20 gauge spinal needle insulated along the length of the 
barrel with shrinkable Teflon tubing so that only 3 mm of the 
tip was exposed. The hub of the needle was soldered to a 
multistranded stainless steel insulated wire that could be 
connected alternatively to a current source or to the ECG set 
to record a precordial lead (Fig. IA). For open chest studies, 
the pacing needle electrode was modified by grinding off the 
bevel of the needle so that the tip was square (Fig. 1B). 
Again, only 3 mm of the tip was exposed. To pace and record 
electrograms from a fixed and reproducible distance from the 
heart, a needle-stabilizing device was constructed (Fig. 1C). 
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The needle stabilizer consisted of a rectangular base, 1.5 X 
2 cm with a 1 cm diameter hole, which allowed it to be 
sutured with four 4-O silk sutures to the surface of the heart. 
The base was connected to two struts, 2 cm tall, that 
supported a rubber diaphragm. The pacing needle electrode 
was introduced through the rubber diaphragm and directed 
toward the exposed epicardium in the base. The rubber 
diaphragm supported the pacing needle electrode and held it 
at any chosen distance from the heart. 
Study Design 
This study was performed in four groups of dogs. All 
experiments were performed in anesthetized mongrel dogs 
of either gender weighing 25 to 35 kg. All animals received 
humane care in compliance with the “Principles of Labora- 
tory Animal Care” formulated by the National Society of 
Medical Research and the “Guide for the Care and Use of 
Laboratory Animals” prepared by the National Academy of 
Sciences (National Institutes of Health publication No. 
80-23, revised 1978). 
Group I: open chest cardiac electrograms recorded with 
use of the precordial lead of the ECG. To determine the 
degree of ST segment elevation that signaled epicardial 
contact or epicardial injury compared with that recorded at a 
small distance from the epicardium, we recorded an electro- 
gram using the ECG set to record a precordial lead at a 
distance of 3 mm from the heart, after contact with the 
epicardial surface, and after intentional epicardial penetra- 
tion injury and at a distance of 3 mm from the heart 
immediately after epicardial penetration. Six dogs were 
anesthetized with pentobarbital (30 mg/kg body weight), 
intubated and ventilated with a Harvard respirator. A right 
fifth interspace thoracotomy or median sternotomy incision 
was used to enter the chest. The pericardium was arranged 
in a sling and filled with lactated Ringer’s solution. The 
needle stabilizer was attached to the epicardial surface with 
two to four 4-O silk sutures. After a 5 min equilibration 
period, the blunt-tipped pacing needle electrode was ad- 
vanced through the rubber diaphragm, and electrograms 
were recorded at 3 mm from the epicardial surface and after 
light contact with the surface. With the needle electrode in 
light contact with the epicardial surface, a spinal needle 
stylette was advanced through the barrel of the electrode and 
the epicardial surface was intentionally penetrated to a depth 
of 2 mm. The stylette was then removed and the electrogram 
recorded. This procedure was performed in six dogs at 26 
sites (14 sites over the right ventricle and 12 over the left 
ventricle). In addition, in five of the six dogs, after epicardial 
penetration, the needle electrode was withdrawn to 3 mm 
from the epicardial surface and another electrogram was 
recorded. This final recording, 3 mm from the epicardial 
surface after intentional epicardial penetration, was per- 
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formed over 17 sites in these five dogs (8 sites over the right 
ventricle and 9 over the left ventricle). 
Group II: open chest, open pericardium pacing study. To 
determine the optimal stimulus strength for pulse generator- 
guided pericardiocentesis, an open chest, open pericardium 
pacing study was performed. Five dogs were anesthetized, 
intubated and ventilated as before. Either a right fifth inter- 
costal space thoracotomy or a mid-sternotomy approach was 
used. The pericardium was opened, arranged in a sling and 
filled with lactated Ringer’s solution. The needle stabilizer 
was attached to the epicardial surface with two to four 4-O 
silk sutures. A programmable pulse generator (Bloom Asso- 
ciates, Ltd.) was used to deliver a train of stimuli at a 
constant rate. The pacing rate chosen was 50 to 100 ms 
shorter than the dog’s sinus rhythm rate. The pulse genera- 
tor delivered 2 ms square waves, and stimulus strengths of 2, 
4, 6, 8 and 10 mA were used. With the electrode tip 1.5 cm 
from the surface of the heart and below the pericardial fluid 
level. the pacing needle electrode was advanced slowly 
toward the epicardial surface of the heart until capture was 
noted on lead II of the ECG. Capture was said to have 
occurred when the ECG displayed a wide QRS complex 
preceded by a pacing spike, with a heart rate equal to the 
pacing rate. The pacing needle electrode was calibrated 
along the barrel so that the distance of the needle tip from the 
epicardial surface could be determined from the needle 
position in the needle stabilizer. After capture, the distance 
of the pacing needle electrode tip from the epicardium was 
measured and recorded. Both cathodal and anodal unipolar 
stimulation were tested. For cathodal unipolar pacing, the 
pacing needle electrode (cathode) was connected to the 
negative terminal of the stimulator and the indifferent elec- 
trode (anode) was connected to the positive terminal of the 
stimulator. For anodal unipolar stimulation, the pacing nee- 
dle electrode was connected to the positive terminal (anode) 
of the stimulator and the indifferent electrode (cathode) was 
connected to the negative terminal of the stimulator. 
Cathodal unipolar stimulation was tested at six sites (three 
over the left and three over the right ventricle) and anodal 
unipolar stimulation was tested at seven sites (four in the left 
and three in the right ventricle). 
Group III: open chest, closed pericardium pacing study. 
To verify that increased pericardial pressure did not alter the 
pacing thresholds determined in Group II dogs, a pacing 
study was performed in open chest dogs with increased 
pericardial pressure. This group consisted of five dogs that 
were anesthetized, intubated and ventilated as done in 
Group I. The chest was entered through either a median 
sternotomy or left fifth interspace thoracotomy. The pericar- 
dium was opened through a 2 to 3 cm incision. The needle 
stabilizer was attached to the surface of the heart. A peri- 
cardial infusion catheter (solution infusion set, Travenol, 
Inc.) and a 7F Cordis catheter to measure pericardial pres- 
sure were placed through the pericardial incision, which was 
then closed with a watertight stitch. The arterial pressure 
was measured through a catheter placed in the femoral 
artery. Lactated Ringer’s solution was infused into the 
pericardium until hemodynamic decompensation occurred 
(mean arterial pressure 54 t- 10 mm Hg). The pulse genera- 
tor, stimulus strengths and pacing rates were the same as 
those in Group II. By reopening the pericardial incision and 
moving the needle stabilizer and then reclosing the pericar- 
dial incision, more than one site per dog could be tested. 
Nine sites were tested using anodal unipolar stimulation 
(four sites over the left and five over the right ventricle) and 
eight sites were tested with use of cathodal unipolar stimu- 
lation (four sites in the left and four in the right ventricle). 
Group IV: closed chest studies. To assess the potential for 
myocardial injury, closed chest studies were performed in 10 
dogs. The dogs were anesthetized and intubated as before, 
and a pressure cannula was positioned in the femoral artery. 
A right fifth interspace thoracotomy was used to enter the 
chest. The azygous vein was cannulated with a 2 mm inner 
diameter, 3 mm outer diameter, Cobe polyethylene catheter 
that was directed into the right atrium to monitor central 
venous pressure. The middle lobe of the right lung was 
identified and its pulmonary artery was cannulated with a 7F 
Cordis catheter that was directed centrally to obtain pulmo- 
nary artery pressure. A pulmonary vein draining the right 
middle lobe was cannulated with an 8F Cordis catheter that 
was directed into the left atrium to record left ventricular 
filling pressure. An infusion line was introduced through a 
purse string suture into the pericardium, and a 7F Cordis 
catheter was introduced through a separate purse string 
suture to measure pericardial pressure. All lines except the 
pericardial infusion line were connected to transducers and 
all pressures were recorded simultaneously on a chart re- 
corder. After the lines were positioned and secured, a chest 
tube was placed in the seventh intercostal space and the 
chest wall closed in layers. Normal saline solution was 
infused into a peripheral vein until the central venous 
pressure was 5 mm Hg. Arterial blood gases were deter- 
mined every 20 min throughout the study, and ventilator 
settings and potassium and sodium bicarbonate supplemen- 
tation were adjusted accordingly. Lead II of the ECG and 
the pacing needle electrogram were also recorded on the 
chart recorder. 
After a 15 min equilibration period, warmed lactated 
Ringer’s solution was infused into the pericardium until 
systemic arterial pressure decreased to ~90 mm Hg (mean 
arterial pressure 53 ? 13 mm Hg). Elevation and equaliza- 
tion of left- and right-sided filling pressures combined with 
hypotension confirmed that a state of hemodynamically 
significant cardiac tamponade had been reached. The pacing 
needle electrode was connected to a Bloom programmable 
pulse generator with a pulse width of 2 ms and a stimulus 
strength of 4 mA. The rate was set to a cycle length at least 
50 ms shorter than the dog’s intrinsic cycle length. The 
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Results 
Group I: open chest cardiac electrograms recorded with 
use of the precordial lead of the ECG (Fig. 2 and 3). ST 
segment elevation was measured (in millivolts) at the half- 
way point of the ST segment. Measurements were made at a 
distance of 3 mm from the epicardial surface, after light 
contact with a blunt-tipped electrode, after intentional (2 
mm) epicardial penetration with a stylette introduced 
through the barrel of the electrode still in contact with the 
epicardium and, finally, after injury, the ST segment was 
again measured at 3 mm from the epicardial surface. At a 
distance of 3 mm from the epicardial surface, an average ST 
segment elevation of 1.2 +- 1.1 mV was recorded. After light 
contact with the blunt-tipped electrode, an average ST 
elevation of 3.6 2 4.0 mV was recorded. After intentional 
epicardial penetration, an average ST elevation of 4.8 ? 4.6 
mV was recorded. When the pacing needle electrode was 
withdrawn to 3 mm after epicardial puncture. an average ST 
elevation of 2.2 2 1.1 mV was recorded. There was no 
significant difference in the degree of ST segment elevation 
between left and right ventricular sites (Fig. 2). To determine 
the utility of an absolute value of ST segment elevation as 
the end point in pericardiocentesis, we calculated the sensi- 
tivity and specificity of 1, 2, 3, 4, 5, 6, 7 and 8 mV of ST 
segment elevation between the two groups of electrograms, 
with the largest difference-3 mm from the epicardium 
before contact and after intentional epicardial puncture-as 
an indicator of epicardial contact (Fig. 3). The highest 
combined positive and negative predictive values were ob- 
tained with 2.0 mV of ST segment elevation. This yielded a 
. 
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Figure 2. Group I. ST segment elevation recorded from needle tip 
electrograms with use of the electrocardiogram set to record a 
precordial lead. ST segments were measured (in millivolts) at the 
halfway point of the ST segment. Measurements were made at 3 mm 
from the epicardial surface (3 mm), after light contact with the 
epicardial surface (DC), after intentional epicardial penetration (PI) 
and again at a distance of 3 mm from the heart after intentional 
injury (3 mm PI). 
needle tip electrogram (obtained with the ECG set to record 
a precordial lead) was recorded, alternating (not simulta- 
neously) with the pacing sequences. The alternate recording 
of the needle tip electrogram with pacing sequences was 
done to determine the degree of ST segment elevation that 
developed before capture was obtained. A subxiphoid ap- 
proach for pericardiocentesis was used. The needle was 
inserted into the subxiphoid area at approximately a 4.5” 
angle to the skin and directed posteriorly and to the left as it 
was advanced. During the period of tamponade, the pacing 
needle was advanced in a stepwise manner, pacing was 
attempted and needle tip electrograms were recorded at each 
position. Entry into the pericardial space could be deter- 
mined easily by withdrawal of the effusion fluid through the 
pacing needle electrode. The needle was advanced until 
capture of the ventricle was obtained. After capture, the 
pacing needle electrode was withdrawn in a stepwise man- 
ner, with simultaneous pacing attempts and needle tip elec- 
trogram recordings. Postmortem examination of the heart 
was performed in all dogs. 
Figure 3. Group I. The sensitivity and specificity of I, 2, 3, 4, 5, 6, 
7 and 8 mV of ST segment elevation to distinguish between contact 
and absence of contact. The two groups of measurements with the 
largest difference in ST segment elevation-3 mm before epicardial 
contact and after intentional epicardial penetration-were used. The 
best value of ST segment elevation to differentiate these two groups 
was 2.0 mV. This yielded a positive predictive value (PPV) of 86% 
and a negative predictive value (NPV) of 79%. 
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positive predictive value of 86% and a negative predictive 
value of 79%. 
Group II: open chest, open pericardium studies (Fig. 4). 
Cathodal and anodal unipolar pacing was performed with 
current strengths of 2, 4, 6, 8 and 10 mA. With anodal 
unipolar pacing, capture was achieved at all seven sites at all 
stimulus strengths only with direct contact of the pacing 
needle electrode with the epicardial surface. Cathodal uni- 
polar pacing gave more variable results. At current strengths 
of 2 and 4 mA, capture of the ventricle could only be 
obtained with direct contact of the epicardial surface. At 
increasing stimulus strengths of 6 and 8 mA, cathodal 
stimulation occasionally resulted in capture of the ventricle 
at a distance of 5 mm from the epicardial surface. A cathodal 
stimulus of 10 mA captured at distances of 4 to 6 mm in five 
of six sites. The largest cathodal stimulus that could reliably 
capture the ventricle with only direct contact was 4 mA. 
Group III: open chest, closed pericardium studies (Fig. 4). 
Again, cathodal and anodal unipolar pacing was performed 
with current strengths of 2,4,6,8 and 10 mA, this time with 
increased pericardial pressure resulting in a systolic pressure 
of ~90 mm Hg (mean arterial pressure 54 2 10 mm Hg). At 
current strengths of 2, 4 and 6 mA, anodal unipolar pacing 
achieved capture only with direct contact; at anodal current 
strengths of 8 and 10 mA, capture of the ventricle was 
achieved at distances of 1 and 2 mm, respectively, at one of 
the nine pacing sites. Cathodal unipolar pacing at strengths 
of 2 and 4 mA captured only with direct contact; as the 
cathodal unipolar stimulus strength increased, capture was 
more likely to occur at a distance from the epicardial 
surface. A stimulus of 4 mA was the largest cathodal 
stimulus strength that consistently captured only with direct 
contact. 
Group IV: closed chest studies. Ten dogs were instru- 
mented as already described. Warmed Ringer’s lactate solu- 
Figure 4. Results of pacing studies 
without (left) and with (right) increased 
pericardial pressure using both cath- 
odal (top) and anodal (bottom) stimula- 
tion. Each section represents the num- 
ber of ventricular captures recorded 
with a stimulus strength (ordinate) and 
the distance from the epicardial surface 
at which capture occurred (abscissa). A 
distance of 0 mm indicates that capture 
occurred with direct contact of the 
epicardium. Note that at >4 mA, 
cathodal unipolar stimulation was in- 
creasingly likely to capture at a dis- 
tance from the epicardium; 4 mA was 
the highest cathodal stimulus that con- 
sistently captured only with direct con- 
tact (0 mm) of the epicardium. 
tion was infused into the pericardium until hemodynamically 
significant tamponade (systolic blood pressure ~90 mm Hg, 
mean arterial pressure 53 -t 13 mm Hg) was produced. 
Figure 5 is an example of the hemodynamic values recorded 
before and after creation of tamponade. A subxiphoid ap- 
proach to the heart was used. In five dogs, a cathodal 
unipolar stimulus was used (4 mA, 2 ms duration); in the 
other five, an anodal unipolar stimulus of equal magnitude 
and duration was used. As the needle was advanced in a 
stepwise manner, pacing was attempted and needle tip 
electrograms were recorded at each position. Ultimately, the 
effusion was entered and epicardial contact was made, as 
indicated by capture of the ventricle with the pacing current 
in all 10 dogs. Typical recordings from two dogs are pre- 
sented in Figures 6 and 7. Each figure is divided into four 
sections corresponding to four needle electrode positions: A, 
before entering the effusion; B, after entering into the 
pericardial effusion; C, after contacting the epicardium (in- 
dicated by capture of the ventricle); and D, after withdraw- 
ing from the epicardium. Figure 6 is an example of epicardial 
contact in which the ST segment changes were subtle. 
Although epicardial contact was made, as indicated by 
capture with the pacing stimulus, dramatic ST segment 
elevations were absent. Figure 7 shows a more typical 
example in which there is dramatic ST segment elevation at 
the time of epicardial contact; however, even in this case 
(Fig. 7D), ST segment elevation persists after epicardial 
contact has ended. 
Inspection of the heart before euthanasia inevitably re- 
vealed small (<l mm) lacerations on the epicardial surface. 
Occasionally, these were seen overlying the bed of a coro- 
nary artery or vein (Fig. 8). However, there were no 
instances of myocardial perforation, or coronary artery or 
coronary vein injury. Occasional premature ventricular 
beats were recorded when epicardial contact was made, both 
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Figure 5. Group IV. Typical waveforms recorded before (left) and 
after (right) creation of a hemodynamically significant precordial 
effusion. Although slight respiratory variation of arterial blood 
pressure was noted after creation of an effusion. pulsus paradoxus 
was blunted because of positive pressure ventilation. 
when a pacing stimulus was applied and when no pacing 
stimulus was applied. In one dog, after a 10 min period of 
hypotension with a systolic blood pressure ~50 mm Hg and 
with severe bradycardia, ventricular fibrillation did occur 
during pacing with the pacing needle electrode. 
Discussion 
Because of the risk of myocardial injury, pericardiocen- 
tesis remains a controversial procedure. When it is per- 
formed to obtain fluid for diagnostic purposes in patients 
without tamponade, excellent results have been achieved 
with use of echocardiography to avoid myocardial injury 
(1,2). Elective pericardiocentesis should only be performed 
with echocardiographic guidance. However, when hemody- 
namic decompensation secondary to cardiac tamponade 
occurs acutely, pericardiocentesis may have to be performed 
emergently, without the benefit of cardiac ultrasound. Clas- 
sically, pericardiocentesis has been performed with use of 
the electrocardiogram (ECG) as a safeguard. The pericardio- 
centesis needle serves as an exploring electrode. An electro- 
gram is recorded from the needle tip, with the ECG set to 
record a precordial lead; ST segment elevation indicates 
epicardial contact and is used to avoid injury (3). At the 
suggestion of one of us (A.N.E.Z.), we performed this study 
to investigate the usefulness of pacing to determine precisely 
when epicardial contact was made, and we compared this 
technique with the standard method of observing changes in 
the ST segment of the needle tip electrogram. 
ST segment monitoring during pericardiocentesis. Failure 
to drain a pericardial effusion with use of the ST segment 
monitoring technique of pericardiocentesis does not rule out 
an effusion (4-6). If a precise value of ST segment elevation 
that reliably determined epicardial contact could be ob- 
tained, the usefulness of ST segment monitoring as a guide to 
pericardiocentesis could be improved. We recorded needle 
tip electrograms at a distance of 3 mm from the epicardium, 
after light contact with the epicardium, after intentional 
epicardial penetration injury and then at a distance of 3 mm 
from the heart after epicardial penetration. The largest 
difference in ST segment elevation was found between that 
measured at 3 mm from the epicardium and after intentional 
epicardial puncture. Using 1, 2, 3, 4, 5,6, 7 and 8 mV of ST 
segment elevation as the determinant of contact versus 
absence of contact, we calculated the sensitivity and speci- 
ficity for each of these values of ST segment elevation 
between these two groups, 3 mm before contact and after 
epicardial penetration (Fig. 3). The use of 22 mV of ST 
segment elevation as a “positive result” (that is, epicardial 
contact) yielded the highest combined positive and negative 
predictive values (86% and 79%, respectively). However, 
this only differentiated between absence of contact and 
epicardial penetration. hardly a desirable end point. 
This study was performed in healthy heartworm-free dogs 
without ST segment abnormalities. Patients with heart dis- 
ease may already have ST segment abnormalities that could 
further impair ST segment monitoring as a safeguard in 
pericardiocentesis. It has been suggested (7) that no addi- 
tional injury current may be seen in patients with left 
ventricular hypertrophy or those on digitalis therapy during 
pericardiocentesis. Pericarditis may have a similar effect. 
Stimulus strength for pericardiocentesis guided by a pulse 
generator. To determine the optimal stimulus strength for 
pacing, we performed open chest, open pericardium pacing 
studies using cathodal and anodal unipolar stimulation with 
current strengths of 2, 4, 6, 8 and 10 mA. Up to a current 
strength of 4 mA, both anodal and cathodal stimulation 
captured the ventricle only when contact was direct. At 
higher current strengths, cathodal stimulation became in- 
creasingly more likely to capture the ventricle at a distance 
from the epicardial surface. Anodal stimulation captured the 
ventricle only with direct epicardial contact of the pacing 
needle electrode at all stimulus strengths. 
We were concerned that increased pericardial pressure 
secondary to an effusion might change the pacing threshold; 
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therefore, we performed an open chest, closed pericardium 
study in which we repeated the pacing study in the setting of 
a hemodynamically significant pericardial effusion. We did 
not find a significant difference in the pacing thresholds 
between these two groups (Group II and Group III). One dog 
did show capture without direct epicardial contact at anodal 
stimulus strengths of 8 and 10 mA. Again, 4 mA was the 
largest cathodal stimulus strength that captured only with 
direct contact. We chose 4 mA as the stimulus strength for 
closed chest studies because, with both cathodal and anodal 
stimulation, it captured the ventricle only with direct contact 
and, therefore, the point of epicardial contact could be 
precisely determined as capture. 
Our pacing data are consistent with the work of others 
(8-10) who have shown that the threshold is lower for 
cathodal than for anodaf pacing. As the needle electrode 
nears the epicardium, capture will occur when the strength 
of the current reaching the epicardium exceeds the thresh- 
old. For cathodal unipolar stimuli, the threshold decreases 
rapidly during the relative refractory period and reaches its 
lowest value during diastole. Therefore, an approaching 
Figure 6. Group IV. Alternate pacing 
attempts and needle tip electrograms 
recorded during closed chest pericar- 
diocentesis guided by a pulse genera- 
tor. The figure is divided into four 
sections corresponding to four dif- 
ferent needle positions: A, before en- 
tering the effusion; B, after entering the 
effusion; C, after contacting the epicar- 
dium and D, after withdrawal from the 
epicardium. Each section shows lead II 
of the surface electrocardiogram while 
pacing was attempted with the pacing 
needle electrode (top) and the needle 
tip electrogram recorded at the same 
position (bottom). The R wave of the 
QRS complex is indicated by R and the 
pacing stimulus by S. Note that in A 
and B, there is no ventricular capture 
with the pacing stimulus. ST segment 
elevation was measured at the halfway 
point of the ST segment, and the nee- 
dle electrograms in A and B show ST 
segment elevations of 0.2 mV. C shows 
ventricular capture with the pacing 
stimulus (top), indicating epicardial 
contact; the needle tip electrogram 
(bottom) recorded at the same position 
shows no additional ST segment eleva- 
tion. Compared with the increased size 
of the QRS spike, the only change in 
the needle tip electrogram is a deeper 
negative deflection of the T wave. Af- 
ter withdrawal of the needle electrode 
from the epicardium (D), the needle 
electrograms are indistinguishable 
from those recorded in A and B. 
unipolar cathodal pacing current is most likely to capture the 
ventricle during diastole. The anodal unipolar pacing thresh- 
old is higher than the cathodal unipolar threshold, except 
during the early relative refractory period when there is a dip 
in the anodal threshold (10). The lowest threshold for uni- 
polar anodal pacing is during the relative refractory period of 
the cardiac cycle. It is this susceptibility of the heart to an 
anodal stimulus during the vulnerable period that is believed 
to be responsible for the greater likelihood of an anodal 
stimulus inducing ventricular arrhythmias (9,11-13). 
Pericardiocentesis guided by a pulse generator: potential 
applications and limitations. A limitation of this method of 
pericardiocentesis may be the potential for the development 
of arrhythmias. Ventricular arrhythmias may be thought of 
as the product of several factors producing a state of 
inhomogeneous excitability and recovery. The potential for 
arrhythmias during tamponade may be enhanced by existing 
myocardial injury, acidosis, increased heart rate, the intro- 
duction of extrastimuli and possibly by myocardial ischemia. 
Pericardiocentesis guided by a pulse generator would be 
performed in the setting of hemodynamic decompensation 
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Figure 7. Group IV. Another example of 
alternate pacing attempts and needle tip 
electrograms recorded during closed chest 
pericardiocentesis guided by a pulse gen- 
erator. The format is the same as in Figure 
6. Needle positions are: A, before entering 
the effusion; B, after entering the effusion; 
C, after contacting the epicardium and D, 
after withdrawal from the epicardium. In 
A and B, there is no ventricular capture 
with the pacing stimulus (S). ST segment 
elevation measured at the halfway point of 
the ST segment is 0.5 mV in A and B. C, 
After contact of the pacing needle elec- 
trode with the epicardium (indicated by 
ventricular capture). ST segment elevation 
now measures 3.0 mV at its halfway point. 
D, The needle electrode, now moved back 
from the epicardium, can no longer cap- 
ture the ventricle. However, the needle tip 
electrogram records an ST segment of 
only 0.6 mV. but the ST segment remains 
elevated even though the pacing needle 
electrode is no longer in contact with the 
epicardium. 
and, therefore, a myocardium with inhomogeneous excit- 
ability would likely be encountered. The introduction of 
extrasystoles both by contact of the epicardium with the 
pacing needle electrode and by the application of a current 
pulse through the electrode could also contribute to the 
induction of ventricular arrhythmias. After a prolonged 
period of hypotension with severe bradycardia, one dog 
developed ventricular fibrillation. The relative contributions 
of factors in the development of this dog’s arrhythmia are 
not known. However, because this was the only dog to 
develop ventricular fibrillation among the 20 dogs involved 
in pacing studies (Groups II, III and IV), it seems likely that 
the prolonged period of hypotension (> 10 min with a systolic 
blood pressure 60 mm Hg) was the most significant factor. 
Although in this study anodal stimulation did not induce any 
episodes of fibrillation, we believe that only cathodal stimu- 
lation should be used in any future human studies. 
The design of’ the pacing needle electrode, a stainless 
steel needle with a Teflon-insulated barrel, is similar to the 
Teflon catheter over needle design used for standard periph- 
eral intravenous catheters. Only a slight modification of this 
commercially available design (by attaching an insulated 
wire to the needle) would make it suitable as a pacing needle 
electrode. After the effusion is located with the needle 
electrode, the needle could be withdrawn, leaving the plastic 
catheter in place to drain the effusion. 
Optimal pericardiocentesis would require entry into the 
pericardial space, avoidance of epicardial contact and, 
therefore, prevention of myocardial injury. With our 
method. epicardial contact is indicated by capture of the 
ventricle with the pacing stimulus. During the closed chest 
studies, we intentionally used capture of the ventricle as the 
end point of pericardiocentesis to assess the potential for 
injury when this method is carried out to its fullest extent. 
Only very small lacerations of the visceral pericardium were 
noted on postmortem inspection of the hearts. No instances 
of myocardial perforation or coronary artery or venous 
injury were found, even when the lacerations were overlying 
the bed of a coronary artery and vein (Fig. 8). Obviously, 
entry into a pericardial effusion, drainage of the effusion and 
hemodynamic improvement constitute the end point of peri- 
cardiocentesis. If, however, pericardiocentesis is employed 
as a therapeutic and diagnostic measure in a hypotensive 
patient with a history that suggests tamponade. pericardio- 
centesis guided by a pulse generator could be used. Capture 
of the ventricle would indicate epicardial contact and, there- 
fore. the pericardiocentesis needle tip would have to be 
within the pericardial space. Therefore, a negative tap with 
capture of the ventricle would rule out an effusion. Two 
important exceptions in which a negative tap might occur in 
the setting of tamponade include posterior loculated effu- 
sions and tamponade secondary to hemopericardium with 
clotted blood (6.14). 
Loculatedposterior effusions are the typeji-equently seen 
in patients who develop cardiac tamponade gfier cardiac 
surge? (15). Because of postoperative adhesions and the 
semisolid contents of the effusion, pericardiocentesis may 
not be beneficial in this group of patients. If. however, 
postcardiotomy syndrome is a contributing factor to the 
development of tamponade, pericardiocentesis may be ben- 
eficial because the effusion will likely be circumferential and 
free-flowing (16-18). Hemorrhagic pericardial effusion with 
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Figure 8. Typical injury produced by the pacing needle electrode 
when it contacted the epicardial surface, as indicated by ventricular 
capture. A small area of superficial abrasions (dashed circle) can be 
seen overlying a branch of the left anterior descending coronary 
artery and great cardiac vein. Although contact was made over these 
two vessels, no arterial or venous lacerations occurred. 
clotted blood occurs in patients with cardiac tamponade 
caused by trauma. Although some groups report good results 
and advocate using pericardiocentesis in the preoperative 
resuscitation of patients with penetrating wounds of the 
mediastinum, there are those who believe that, because of 
the difficulty in aspirating clotted blood through a needle, 
pericardiocentesis has no place in the management of this 
group of patients (6,19,20). If pericardiocentesis has a role in 
the emergent preoperative resuscitation of these two groups 
of patients, pericardiocentesis guided by a pulse generator 
will improve the safety and yield of the procedure. 
Figure 5 shows the typical hemodynamic values recorded 
before and after creation of tamponade in one of the dogs in 
Group IV of this study. Although respiratory variation of 
systemic blood pressure was noted, differences generally did 
not exceed 10 mm Hg. This absence of pulsus paradoxus 
almost certainly was due to positive pressure ventilation, 
which was used during all phases of this study (21,22). 
Advantages. The use of a pulse generator to guide peri- 
cardiocentesis has the advantage of reliably localizing the 
needle tip to the epicardium. If capture of the ventricle with 
the pacing current is used as the end point of pericardiocen- 
tesis, the needle tip will be in contact with the epicardium 
and, therefore, in the pericardial space, and an effusion, if 
present and circumferential, will be drained. (Clearly, if an 
effusion is entered before capture of the ventricle is ob- 
tained, no further advance of the needle is required.) There- 
fore, the use of a pulse generator to guide pericardiocentesis 
may improve the yield of this precedure by more reliably 
localizing the needle tip to the epicardium and, therefore, 
within the pericardial space. In addition, because a magni- 
tude of ST segment elevation signaling epicardial contact 
cannot be precisely defined, pulse generator-guided pericar- 
diocentesis may improve the safety of the procedure by 
more reliably signaling epicardial contact and thereby avoid- 
ing injury. Furthermore, because changes in the pericardio- 
centesis needle position during the approach to the pericar- 
dium cause the ECG trace position to move during the 
procedure, ST segment monitoring during the procedure is 
very difficult. Pericardiocentesis guided by a pulse generator 
requires only a pulse generator, the needle, and an ECG 
monitor to determine capture. As a step in the resuscitation 
of patients with no recordable cardiac rhythm or blood 
pressure, this technique could be used both to rule out 
cardiac tamponade and to pace the ventricle if the ECG 
indicated profound bradycardia or asystole. 
Recommendations. This was a prototype study per- 
formed in normal mongrel dogs. Human studies will have to 
be performed to assess the usefulness of this procedure fully. 
In particular, pacing thresholds in humans may be different 
from those in dogs, and another stimulus strength may prove 
to be optimal. Although in this study we used both anodal 
and cathodal pacing and showed them to be equally effective 
in localizing the pacing needle electrode to the epicardium, 
several studies suggest that anodal pacing is more arrhyth- 
mogenic than is cathodal pacing, and we suggest that only 
cathodal stimulation be employed in any future use of this 
technique in humans. 
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